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" - DRAG MEASUREMENTS AT. TRANSONIC SPEEDS 

ON A FREELY FALLING- BODY 

ByP * J * Baile ^ Jr., Charles W. Mathews 
and Jim Rogers Thompson 


SUMMARY 

a special test^body^n^it^^t^f? made of the dram 0 f 
throughout free drops from hish tail surfa ^s 

obtained have been used to Jh JT' 1 The da ta 
the drag coefficient and thell v fche relation betwee 
and for the tail surfaces over f nUmber for fche tody 
trom 0.85 to I. 15 . ° V6r a ra nge -of Mach numbers.- 

f*or bodi.es of f AV ,v, t 

foot of frontal area increa-elTahr’ l? 5 ; ra ‘> Ijer square 
oent of atmospheric S a Va £, lr fr ? w “bout 3 per- 

Rf™ 1 °f atmospheric Pressure Jt s"™ 2” of °’ 95 to 
Jtmospheric preset , 

tail drag result ^t^the^sti mat io£ Pl f Ca ? llity ° f the 

oonic speeds because of +-he nU win ® drag at tran- 

interference effects between" t-bf bi "^? y of appreciable 
aontal surfaces and between "tSUf tlc ^ and the horiV 
faces. Insofar as thev a?? S -,? 0dy and the tail sur~ 
results indicated that Vi ^ applicable, the tail dram 
NACA 16-series win^lhe “raF”?^* 1 «:.Porcent-tt?ck 
area may oe expected to increase aqua J® fo °t of frontal 
of atmospheric pressure at a Mach 2 tly ’J^“ 4 per oent 
36 percent of atmosphere \>fL' h mmher of 0.88 -to 

then linearly with Mach afc a iVlach number of 
so percent of atmoLhelL p^sCe^t a° 

-L-15. Pl --ure at a Mach number of 
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INTRODUCTION 


Recent developments In radar, phototheodolite, and 
radio-telemeter equipment have made it possible to 
measure the drag of aerodynamic shapes at transonic speeds 
attained in free drops from high altitudes. Tests of 
the first of a series of bodies to be 'studied in this way 
have recently been completed. The results of these tests 
are presented herein as separate curves of drag coeffi- 
cient plotted against Mach" number for the body and for 
its stabilizing tail surfaces. 


APPARATUS AND METHOD 


Test bodies.- The details of the test shape and its 
tail surfaces are given in figure 1./ This particular 
body shape was selected as representative of designs 
that might be expected to have comparatively low drag 
at transonic speeds. x Since the tests were planned to be 
primarily a study of oo^y drag at the highest attainable 
soeeds, the tail arrangement was designed to provide 
adequate stability and. have a drag that would be small 
relative to the drag of the body. 

Six bodies of this shape were dropped from an 
altitude of approximately 35,000 feet. These bodies 
were identical externally but varied in weight and method 
of construction. The two heavier bodies were made of 
metal, carried radio- telemeter equipment, and. weighed 44o 
and 447 pounds. The four lighter bodies were made of 
wood and carried no measuring instruments, telemetering 
equipment, or radio antenna. The lighter bodies weighed 9 
100, 187, and 197 pounds. 

Measurements.- For the telemeter-equipped bodies, 
the total drag of the body and tail was obtained directly 
from the telemetered reading of a- sensitive accelerometer 
that was alined with the axis of the body. The drag of 
the tail surfaces was determined from telemetered measure- 
ment of the longitudinal reaction- between these surfaces 
and the cylindrical boom that supported them. The speed 
of the body at any instant was obtained both by step-by- 
step integration of the accelerations imposed on the 
body and by differentiation of a time history of the 
flight path as measured with radar and photo theodolite 
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equipment. Evidence that the body did not oscillate 
in yaw relative to its flight path was provided by 
telemetered differential pressures between orifices on 
opposite sides of the body at its maximum thickness and 
by telescopic observations of the body from the ground. 

For the four wooden bodies without telemetering 
equipment, the speeds and a limited amount of information 
on the total drags were obtained from the radar and 
phototheodolite measurements. 

Information on atmospheric pressures and temperatures 
at the various heights was obtained from synchronized 
altimeter, thermometer, radar, and phototheodolite readings 
taken during the climb and descent of the airplane from 
which the bodies were dropped. . 

Reduction of data .- In the reduction of the data for 
the telemeter-equipped bodies, the directly measured 
values of the drag D, the static pressure p,., the 
speed V, the temperature T, and the frontal area F 
were combined to produce time histories of the nondimen- 
sional ratio D/Fp and the Mach number M. Values of 
the conventional drag coefficient Cp based on frontal 

area were then obtained from these curves by substitution 
in the relation 

(1) 


was taken as 1.4. For 
the tail surfaces, these values of Op were multiplied 
by the thickness ' ratio to convert them to drag coefficients 
based on plan area. The frontal and plan areas used in' 
the computation of the tail drag coefficients did not 
include the area within the tail extension shaft or the 
area removed in rounding the tips. No allowance was 
made for the effect of the wake of the body on the tail 
drag. 




•where the specific-heat ratio y 


For the bodies without instruments, values of the 
total drag at the highest Mach numbers reached were 
obtained from the relation " 


CONFIDENTIAL 



4 


, CONFIDENTIAL-: 


MAC A AClLNo. L5E03 

1 

D = W j 

! 

1 

X 

dh 

(rR) 1 / 2 U 

dT' 

1 ( yR) 1/2 T V2 ay 

(yR) 1 / 2 T 1 / 2 M 

dt 

SgT 1 / 2 , 

dT 

g 

where 

. . : 






W weight of body, pounds 

h height of body above ground at time t, feet 

g acceleration of gravity ^32.2 ft/sec 2 ) 

R gas constant for air ^1716 f t-ib/slug/°p) 

RESULTS AND DISCUSSION:. 


Time histories of the pertinent measured and computed 
quantities for the two bodies equipped with radio 
telemeters are given in figures 2 and 3. The differential- 
pressure data are not included in these figures because 
examination of the records showed no oscillations and 
confirmed the statements of ground observers that all 
bodies remained steady throughout the drops. 

A check on the over-all accuracy of the test results 
is provided by the comparison in figure 4 of the velocity- 
altitude data obtained from the radar and phototheodolite 
equipment with similar data obtained, from step-by-step 
integration of the telemetered accelerations imposed on 
the body. 

Time histories for the bodies without instruments 
arc given in figures 5 and 6. The apparent fluctuations 
in velocity in the records for the 96-, 187-, and 197 -pound 
bodies resulted primarily from' the inability of the 
operator to keep the axis of the photo theodolite equip- 
ment pointed continuously at the body. The photographs 
that normally permit correction for these, small errors in 
pointing were not obtained during the. drops of these 
particular bodies. The velocity fluctuations that 
appear in figure 4(b) during the last part of the drop 
of the 445-pound body (body 3) have a similar explanation. 

The precision with which the time derivative of 
Mach number df-i/dt was established for the bodies 
without instruments generally was not sufficient to 


CONFIDENTIAL 


5 


NACA ACR No. L5E03 CONFIDENTIAL 

warrant use of equation (2) ' ana the . time histories to 
determine the variation of total •ura-g -with Mach number 
throughout each drop. . There arafperiods- in each drop, 
however, during which .the’ Mach number appears to remain 
approximately constant for a sufficient length of time 
to warrant calculations of the total drag at these Mach 
numbers. Although the drag values 'calculated in this 
manner are not expected to be so precise as those obtained 
from the telemetered, accelerations, these drag values 
do provide an independent check on the order of magnitude 
of the drag rise. These drag values have been calculated 
and the corresponding values of the ratio D/Pp have 
been plotted in figure 7 for comparison with a* curve 
representing an average of the values obtained for the 
two telemeter-equipped bodies. 


The body and tail drag data from the tests of ,thie 
bodies with instruments are summarized in figure 8,. in 
which average values of' D/Pp and Cp for the two bd dies 
and for their tail surfaces are plotted against Mach ndm-- 
ber. The deviation of the curve of Cp against M for 
each of the two bodies from the average curve shown is " .’ 
than 0.01 in . Cp or D/Pp and no more than 0 . 005" 
number. Because of the interest' in the relative 
wings, and, bodies, the coefficients, base 
area for the 


no more 
in Mach 
drag of 
frontal 
the same scale 


: j Ui.lV v_> ^ X X .1.0 X 0X1, 0* g* U CA. >2 (J. Oil 

tail surfaces have been clotted to 


the body coefficients 


In the exami- 


nation and use of tnese curves, it should be kept in mind 
that, because of the smaller forces involved, the error 
in the values of the tail coefficients may be annroxi- 


mately five times as great 


or about 0.003 in 
plan area. 


in the body coefficients. 


the tail drag coefficient based- .on 


The data summarized in figure 8 show that, for 
bodies of the form tested, • the "drag per square foot of 
frontal area increased abruptly from about 3 percent of 
atmospheric pressure at a Mach number of 0.95* to 17 percent 
of atmospheric pressure at a Mach number of 1.00, then 
linearly with Mach number to 28 percent of atmospheric 
pressure at a Mach number of approximately 1.15. 


Some doubt exists as to the applicability c-f the 
tail drag results to the estimation of wing drag at 
transonic speeds because of the possibility of appre- 
ciable interference effects between the vertical and the 
horizontal surfaces and between the body and the tail 
surfaces. Insofar as they arc' applicable, the tail drag 
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BODY 

WEIGHT 

(LB) 

TEST 

DATE 

Instrumentation 

1 

/ 

447 

1/29/45 

telemeter 

2 

/ 87 
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NONE 
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telemeter 
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figure 2 . - Time history of free drop of 447-pound 
body having radio te emeter (body 1). 
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Fig-. 3 
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•Fig** 4 8 , , b 
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True velocity atopy flight path , mph 

Figure 4. - Comparison of velocity-altitude data 
obtained from radar and phototheodolite equipment 
with valuee obtained from step-by-step integration 
of telemetered accelerations. 
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Figure 5.- Time histories of free drops of 9b- and 100-pomd 
teet bodies without instruments. (Arrows indicate tlmt 
at which drag values were calculated.) 


r-' 


4 


Velocity, mph Altitude, ft ^ Velocity, m ph Altitude, f I 



Air temperuture, °F obs . Air temperature, °f r abs. 


NACA ACR No. L5E03 


Fig. 


CONFIDENTIAL 



30 x 10' 


, L , „ , ^ , Time after release , sec 
(b) Body 5 (197 lb). 
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Figure 6,- Time histories of free drop* of 1«7~ and 197-pound 
teat bodies without instrument a. (Arrows Indicate time at 
whioh drag values were calculated.) 
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Figure 7«“ Comparison of total-drag data for test bodies. 
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Figure 6. - Variations of body and tail drag coef- 
fioients and ratio D/Fp with Mach number. 

Curves represent average values for two telemeter- 
equipped bodies. 
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